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Current monitoring: Current monitoring: Action criteria (OR DHS)Action criteria (OR DHS)

Toxin analysesToxin analyses

Phytoplankton analysesPhytoplankton analyses

Cyanobacteria: 100,000 cells/mlCyanobacteria: 100,000 cells/ml
MicrocystisMicrocystis or or PlanktothrixPlanktothrix: 40,000/ml: 40,000/ml

Microcystin: 8 ppb recreational exposureMicrocystin: 8 ppb recreational exposure
1 ppb drinking water1 ppb drinking water



The problem with morphological IDThe problem with morphological ID

MicrocystisMicrocystis sp.sp.

Organisms calledOrganisms called
MicrocystisMicrocystis shouldshould
all have the mostall have the most

similar DNA sequencessimilar DNA sequences

Sister sequencesSister sequences
should be from theshould be from the
same species andsame species and

genusgenus

Conclusion:Conclusion:
Some of the cyanosSome of the cyanos

whose DNA sequenceswhose DNA sequences
are in the GenBank are in the GenBank 

database were database were 
mismis--named using thenamed using the

current morphologicalcurrent morphological
approach.  This reflects approach.  This reflects 
widespread problems widespread problems 
with morphological ID.  with morphological ID.  



MicrocystisMicrocystis can assume widely can assume widely 
different colony morphologies that have different colony morphologies that have 

confused attempts at species IDconfused attempts at species ID

Otsuka et al. have recommended that Otsuka et al. have recommended that 
species ID of species ID of MicrocystisMicrocystis be be 

discontinued, and that the species discontinued, and that the species M. M. 
aeruginosa, M. ichthyoblabe, M. aeruginosa, M. ichthyoblabe, M. 

wesenbergii, M. viridis, M. novacekii, M. wesenbergii, M. viridis, M. novacekii, M. 
flosflos--aquae, aquae, M. pseudofilamentosa be M. pseudofilamentosa be 

merged and referred to as merged and referred to as MicrocystisMicrocystis
aeruginosaaeruginosa. . 

The problem with morphological IDThe problem with morphological ID

Otsuka et al. J. Gen. Appl. Microbiol. 46 (2000):39Otsuka et al. J. Gen. Appl. Microbiol. 46 (2000):39--5050



The problem with morphological IDThe problem with morphological ID
MicrocystisMicrocystis coloniescolonies

Fresh sampleFresh sample Sample treated with LugolSample treated with Lugol’’ss

Colony disruption during preservation makes ID more difficult Colony disruption during preservation makes ID more difficult 



Genetic analysis of cyanobacterial bloomsGenetic analysis of cyanobacterial blooms::
many research studies but not yet used for making many research studies but not yet used for making 

public health decisionspublic health decisions



Future Future monitoring: monitoring: Action criteria (OR DHS)Action criteria (OR DHS)

Toxin analysesToxin analyses

Phytoplankton Phytoplankton 
analysesanalyses

Cyanobacteria: 100,000 Cyanobacteria: 100,000 genomesgenomes/ml/ml
MicrocystisMicrocystis or or PlanktothrixPlanktothrix: : 

40,000 40,000 genomesgenomes/ml/ml
Microcystin: 8 ppb recreational exposureMicrocystin: 8 ppb recreational exposure

1 ppb drinking water1 ppb drinking water
Genetic Genetic 
analysesanalyses

+/+/−−



FutureFuture cyanobacterial databasecyanobacterial database

Willow Creek Reservoir, HeppnerWillow Creek Reservoir, Heppner

Collection: June 10, 2008Collection: June 10, 2008

Morphological ID: Morphological ID: Anabaena flosAnabaena flos--aquaeaquae

Genotypic ID: Genotypic ID: Anabaena Anabaena WC1WC1
16S rDNA16S rDNA
rDNA ITSrDNA ITS
Phycocyanin Phycocyanin cpcBAcpcBA

AnabaenaAnabaena WC1WC1

A.A. flosflos--aquae UTEX3214aquae UTEX3214

A.A. flosflos--aquae UTEX9834aquae UTEX9834

A. circinalis A. circinalis UTEXUTEX65316531

A.cylindrica A.cylindrica UTEX5342UTEX5342



Why a genetic databaseWhy a genetic database
and DNAand DNA--based monitoring?based monitoring?

What can this do for lake/water managers?What can this do for lake/water managers?

More accurate bloom identificationMore accurate bloom identification
•• species and strain identification + quantitationspecies and strain identification + quantitation

•• high resolution comparison between lakeshigh resolution comparison between lakes
(e.g., are the same bloom strains present in adjacent watersheds(e.g., are the same bloom strains present in adjacent watersheds?)  ?)  

•• detection of toxin genes: earlydetection of toxin genes: early--warning detectionwarning detection

•• establish a more accurate understandingestablish a more accurate understanding
of bloom populations: anticipate problems, detect trendsof bloom populations: anticipate problems, detect trends

HighHigh--throughput detection throughput detection 
•• more sampling, quicker, cheapermore sampling, quicker, cheaper

(more sites, different depths)(more sites, different depths)



Sample collectionSample collection

Storage & shipping on ice, not preservedStorage & shipping on ice, not preserved
Preservation (Lugol's, glutaraldehyde) may result in 

decreased mailing costs



Sample preparationSample preparation
Samples are filtered for immediate use or storage in freezer

for subsequent DNA extraction
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Polymerase Chain Reaction: PCRPolymerase Chain Reaction: PCR



CyanoCyano--HAB PCR targetsHAB PCR targets
There are multiple options that can be consideredThere are multiple options that can be considered
•• PCR designed to detect all HABPCR designed to detect all HAB--forming cyanobacteriaforming cyanobacteria
•• PCR directed at particular genera or speciesPCR directed at particular genera or species
•• PCR follwed by DNA sequencingPCR follwed by DNA sequencing
•• Quantitative Quantitative PCR to measure gene numbersPCR to measure gene numbers

There are several common gene targets:  There are several common gene targets:  
•• 16S ribosomal RNA 16S ribosomal RNA 
•• ITS, ribosomal RNA internal transcribed spacerITS, ribosomal RNA internal transcribed spacer
•• cpcBA cpcBA phycocyanin intergenic spacerphycocyanin intergenic spacer
•• mcy mcy and other toxin biosynthetic genesand other toxin biosynthetic genes
•• nif nif nitrogen fixation genes nitrogen fixation genes 



DNA sequencingDNA sequencing
DNA sequencing of cloned DNA (up to 700 run length)DNA sequencing of cloned DNA (up to 700 run length)



Case study: genetic studies of Case study: genetic studies of 
Microcystis Microcystis population in Klamath population in Klamath 

River (Dreher lab at OSU)River (Dreher lab at OSU)

Goal: genetically describe the cyanobacterial population 
in Klamath waters, esp. in Copco Reservoir, but also in 
Iron Gate Reservoir and Upper Klamath Lake

• initial focus on toxic Microcystis in Copco Res.
• apply info and techniques to develop assays   
useful for management decisions



Copco Reservoir sampling sitesCopco Reservoir sampling sites



Copco Copco Microcystis Microcystis bloombloom
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Data from Kann & Corum, 2009



Copco Copco Microcystis Microcystis bloombloom
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Decline in Decline in mcyB mcyB gene copy numbergene copy number

Copco 

Quantitative Taqman PCR assay for Quantitative Taqman PCR assay for Microcystis mcyB Microcystis mcyB and and cpcBAcpcBA

Decline 
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Genetic typing of the Genetic typing of the MicrocystisMicrocystis
populationpopulation

Collect population on a filter by filtering lake water sampleCollect population on a filter by filtering lake water sample

PCR amplify target gene sequences, produce PCR amplify target gene sequences, produce clone clone 
librarylibrary and determine individual sequences and determine individual sequences 

•• ITSITS, ribosomal DNA internal transcribed spacer, ribosomal DNA internal transcribed spacer
•• cpcBAcpcBA, phycocyanin intergenic region, phycocyanin intergenic region
•• microcystin toxin synthetic gene microcystin toxin synthetic gene mcyA mcyA 



ITS sequences cpcBA sequences
Copco Reservoir Microcystis genotypes



ITS sequences

cpcBA sequences

Copco Reservoir Microcystis genotypes
Relationship to isolates from other locations



ITS sequences cpcBA sequences
Copco Reservoir Microcystis genotypes



Genetic structure of Genetic structure of Microcystis Microcystis population:population:
ITS subgroup 1 (Copco Reservoir)ITS subgroup 1 (Copco Reservoir)

1

491 nt ITS amplicon
30 different sequences

# nt diffs # occurrences
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Genetic analysis at the Genetic analysis at the Microcystis Microcystis 
ITS gene locus ITS gene locus (Copco Reservoir)(Copco Reservoir)

Group 4

Group 2

Group 1

Group 3

Subgroups are: � well separated � tightly clustered � dominated by single sequences

Such population structure is amenable to subgroup-specfic monitoring 



Population turnover during season: Population turnover during season: cpcBAcpcBA

B2

Group A

B1

Major turnover 
late Aug – mid Sep
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Population turnover during season: ITSPopulation turnover during season: ITS
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ITS sequences cpcBA sequences
Copco Reservoir Microcystis genotypes

Late season
mid Aug - Oct

Early season
June - Aug

Early season
June - Aug

Late season
Sep - Oct



ITS cpcBA

Upper Klamath Lake and Copco Reservoir Microcystis
genotypes are closely related

Upper Klamath
Lake sequences

Other colored
sequences are

from Copco Res.



It is time ....It is time ....

•• To build a genetic database of To build a genetic database of 
cyanobacterial bloomscyanobacterial blooms

•• To work at implementing genetic To work at implementing genetic 
(DNA(DNA--based) analyses into routine based) analyses into routine 

monitoring   monitoring   



Application of cyanoApplication of cyano--HAB genetic IDHAB genetic ID
Accurate identificationAccurate identification

Differentiate toxic from nonDifferentiate toxic from non--toxic strains and track toxic strains and track 
abundanceabundance

Track population dynamics during seasonal bloom Track population dynamics during seasonal bloom 
development, esp. with respect to toxin production development, esp. with respect to toxin production 

Explore relationship between blooms in different water Explore relationship between blooms in different water 
bodiesbodies

Use in assessing the success of treatment optionsUse in assessing the success of treatment options


